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Russell A. Hulse 
Joseph H. Taylor, Jr. 
In 1974 discovered  

the first pulsar  
in a binary system 

Period ~ 8h 
 

Indirect detection of GWs 
 

Nobel Price  1993 

∆tP [s]  Periastron advance 

periastron advance is about 4.2 
degrees per year 





Effect of a strong GW 
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Courtesy CSIRO 



Merger Signals far above Noise 

12 

st
ra

in
 

• Simulated data stream for LISA,  
• 105M BH binary merger at z=5,  
   including instrumental noise (SNR~500) 

 

from C. Hogan  



From: http://iopscience.iop.org/0264-9381/27/17/173001 

Rate estimates 



VIEWS OF THE UNIVERSE 
From: http://coolcosmos.ipac.caltech.edu 

?? 
GW 



GW Timelines 

 

15 

´06 ´07 ´08 ´09 ´10 ´11 ´12 ´13 ´14 ´15 ´16 ´17 ´18 ´19 ´20 ´21 ´22 ´23 ´24 ´25 

Virgo 

GEO 

LIGO 

KAGRA 

Hanford 

Livingston 

You are here 

2nd Generation      3rd Generation 

India 

Hanford 

Livingston 
E-LIGO Advanced LIGO 

GEO 600 

Virgo+ Advanced Virgo 

LIGO 3G 

1st Generation 



GEO600 





 GEO 600 main suspension 

18.10.2012 18 
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5.6 kg, 180 mm 
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silica, 5.6 kg, 180 mm 

Active 
stack 
isolator 
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mass 

Steel wire 
550 µm 

Steel wire 
loops 350 µm 

Silica fibres 
220 µm 
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S1 Aug 26 `02
S3I Nov 5 `03
S3II Dec 31 `03
S4 Feb 22 `05
S5 N&W Mar 23 `06
Sept. 2009
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LHO 4k March 2007
LHO 2k May 2007
LLO 4k June 2006
Virgo May 2008
GEO600 Feb 2008

LIGO 

Virgo 

TAMA 300 

GEO600 
Seismic 
(evt. quantum) 

Thermal Quantum 
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EINSTEIN  
TELESCOPE 





SEISMOLOGY NETWORK 

 Site investigation 
also used the 
support and the 
data of the 
ORFEUS* 
Network (>200 
sites in Europe) 
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* Observatories and 
Research Facilities for 
European Seismology  



Noise budget 



Large, heavy optics ~ 150 kg 
  





ET PARAMETERS 



WHAT DO WE NEED FOR ET? 
BASIC ET FACTS 
• long lasting (decades) 

infrastructure 
• 10km ∆ (<displ. Noise) 
• 100-200m underground 
• „conservative“ design 
• Subsequent upgrades to 

novel techniques  



THE INFRASTRUCTURE 

Large hall: D = 65 m, H = 30 m 
Small halls: D = 30 m, H = 30 m 
Lift shaft: D = 20 m 



ETM-HF 

ETM-LF 

SUSPENSIONS 

R&D within ELITES 



MIRRORS 



For efficiency reasons 
build a triangle. 
Start with a single 
xylophone detector. 
 
Add second Xylophone 
detector to fully resolve 
polarisation. 
 
Add third Xylophone 
detector for redundancy 
and null-streams.   

INSTALLATION OF ET 



THE BEAM TUBES 
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Cosmic background 

Massive Black Hole Binary 
(BHB) inspiral and merger 
(10s-100s) 

Ultra-compact binaries 
(thousands) 

Extreme Mass Ratio 
Inspiral (EMRI) 
(hundreds) 
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3 Satellites 
5 Million km arms 
50 Million km behind earth! 
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